This study was aimed at investigating immune activations of the 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis model in colonic mucosa by immunohistochemical and Western blot methods. Materials and Methods: For this purpose, 16 female Wistar albino rats were divided into two r ando m groups of control (n=8) and colitis (n=8). The experimental colitis model was induced by intracolonic administration of TNBS (25 mg/rat). Control animals received only rectal saline for the same time. The animals were sacrificed on the 15 th day after TNBS administration, and colon tissue was removed and examined morphologically. Colon samples were stained immunohistochemically with anti-CD3, anti-CD4, anti-CD5, anti-CD8, anti-CD11b, anti-CD45, anti-TNF-α, anti-IL-17, anti-IL-22 and anti-IL-23 antibodies. Additionally, the colonic tissue IL-17 and IL-22 expressions were examined by the Western blot method. Results: In the experimental results, it was determined that there was a significant decrease in body weight and an increase in colon weight in the colitis group when comparing initial experiments. The colon tissue ulcerations, inflammation, crypt loss and Goblet cell loss were obser ved in the colitis group in microscopic examinations. The immunohistochemical positive cell numbers significantly increased in the colitis group. The immunoreactive lymphocytes in the propria, intracryptal and submucosal layers were found to be increased in the colitis group of rats. In addition, IL-17 and IL-23 expressions were increased in colitis colon mucosa found by Western blot analysis.
Introduction
Inflammatory bowel diseases (IBD), which are a group of irritable disorder in the gastrointestinal system, include ulcerative colitis (UC), Crohn's disease (CD) and indeterminate colitis (IC), and are characterized by inflammation of the gut (1) . Several etiological factors, such as immunologic, genetic and environmental factors, and their interactions, have been linked with the pathophysiology of IBD (2) . Immune dysfunctions and excessive immune activations in immune system cells play critical roles in the pathogenesis of UC (3) . Intestinal mucosa has developed complex immune populations that comprise adaptive and innate immune system cells. The innate system consists of cells such as macrophages, neutrophils, mast cells and natural killer (NK) cells. The adaptive immune system consists of T cells and B lymphocytes (4) . On the cell surfaces of lymphocytes and other immune systems, cells that have critical roles in inflammation have molecules known as "Cluster of Differentiation (CD)" that play an important role in cell signaling, adhesion and various immunological functions (5, 6) . Significant changes of the expression of CD molecules may occur in chronic inflammation caused by UC (7) . Chronic inflammation also leads to changes in expression of inflammatory cytokines, such as tumor necrosis factor alpha (TNF-α), interferon gamma (IFN-γ) and interleukine 1-beta (IL-1β) (8) .
Naive CD4 + T cells, which express CD4 membrane glycoprotein, differentiate into four distinct subsets under the antigenic stimulation, characterized by different cytokine production profiles, including T-helper (Th)1, Th2, Th17 and T-regulator (Treg) (9, 10) . Th1 cells produce IFN-γ and they are important for immune response to intracellular pathogens, while Th2 cells produce IL-4, IL-5 and IL-13 for targeting parasites and worms (4, 10) . The Th17 cells are different from Th1 and Th2; they secrete mainly IL-17 and other cytokines, including IL-17-related cytokines, IL-21 and IL-22 (11, 12) . IL-17 stimulates fibroblast, macrophages and epithelial cells to produce proinflammatory mediators, such as TNF-α, IL-1, and IL-6 in the inflammatory process (9, 13) . Elevated IL-17 and IL-17-related cytokines were shown in intestinal mucosa in IBD patients (11, 14) .
IL-22 is a member of the IL-10 family of antiinflammatory cytokines; it plays a proinflammatory role by inducing the expression of proinflammatory cytokines and matrix metalloproteinase (15, 16) . Also, IL-22 promotes Goblet cell hyperplasia, the release of antimicrobial RegIII and mucus production in intestinal mucosa (8, 17 ). An elevated IL-22 cytokine level is found in intestinal mucosa and serum in active IBD patients (8, 18) .
IL-23 is a member of the IL-12 family of cytokines and is a heterodimeric protein composed of IL-12p40/ IL-23p19 complex; it has a major proinflammatory role in IBD pathogenesis (19, 20) . IL-23 promotes Th17 cell differentiation and controls Th17 cell response (8, 9) . Experimental models have shown that IL-23 is required for the development of IBD pathogenesis (20, 21) .
Trinitrobenzene sulfonic acid (TNBS)-induced colitis has been frequently used in the experimental colitis model because of its clinical and pathological features similar to human UC. The distinctive feature of our study is the analysis of the relation between Th17/IL-23-related cytokine expression in TNBSinduced colitis model with the activation of both innate and adaptive immune system cells.
Materials and Methods

Animals
Sixteen female Wistar albino rats, weighing 210-250 g, were obtained from the Experimental Animal Research Facility at Trakya University (Edirne, Turkey). The animals were kept in pathogen-free cages and optimum laboratory conditions (temperature: 20±2 °C; humidity: 50%; light/dark: 12/12 hour). The animals were fed a standard laboratory diet and fresh tap water, ad libitum. All experimental procedures were approved by the Local Ethical Committee for Animal Studies of Trakya University (Edirne, Turkey). (Protocol no: TÜHDYEK-2013/65, Date: 27.12.2013).
Experimental design and induction of colitis
Sixteen female rats were divided into two groups, as control (n=8) and colitis (n=8). The control group received saline solution, and the colitis group was administered TNBS dissolved in 50% ethanol solution, under sedation. All rats were weighed and housed in four rats per cage during the experiment. The rats were starved overnight before the induction of colitis.
To create an experimental rat model of colitis, 25 mg/rat TNBS (dissolved in 50% ethanol, total 1 ml) was used. All experimental procedures performed on the rats were completed using ketamine (90 mg/kg) for analgesia and xylazine (10 mg/kg) for sedation. TNBS was administered into the colon with a rubber catheter in a Trendelenburg position (for 45 second). To protect excessive exposure of TNBS, the colons were washed with saline solution for 5 min. The control group of rats received 1 ml saline solution in the same way (22) .
Macroscopic and microscopic evaluations
The Macroscopic damage score was evaluated by two independent histologists, as described by McCafferty et al (23) (Table 1 ). To assess the microscopic damage, distal colon tissues were fixed in a neutral buffered formalin solution for 48 hr and then embedded in paraffin by routine histological methods. Five µm sections were serially cut (Leica, RM-2245) and stained by hematoxylin-eosin (H&E). An Olympus BX51 (Tokyo, Japan) light microscope was used by two independent histologists to assess histopathological changes in the colon. Histological Total microscopic score represents the sum of the E + I score Total score damage scoring was performed using the criteria described by Obermeier et al (24) ( Table 2 ). 
Immunohistochemical analysis
Anti-CD3 (Bioss bs-0765R), anti-CD4 (Abcam, ab11815), anti-CD5 (Bioss, bs1113R), anti-CD8 (Abbiotec, P0731), anti-CD11b (Abcam, ab75476), anti-CD45 (Abbiotec, ab08575), anti-TNF-α (Abcam, ab199013),
Western blot analysis
Colonic tissue samples were added per well and separated by NuPAGE 4-12% Bis-tris Gel (Novex) for 2 hr at 80 V and then blotted on polyvinlydene fluoride (PVDF) membrane (Novex, 2 Transfer Stack, PVDF, Mini) by the iBlot semi-dry transfer system (Invitrogen). Membranes were blocked in 5% non-fat milk in phosphate buffered saline containing 0.01% Tween 20 (TBST) for one hour and then incubated overnight at +4 °C with anti-beta actin (Bioss, bs-0061R, 1:100), anti-IL-17 (Abcam, ab79056, 1:100) and anti-IL-22 (Bioss, bs-2623R, 1:100). Protein bands were detected using an enhanced chemiluminescence kit (WesternBreeze kit, Life Technologies), quantified by ChemiDoc MP System with the Image Lab software (Bio-Rad) and expressed as the relative intensity of target protein to that B-actin control.
Statistical analysis
Data were analyzed using the SPSS 12.0 statistical software package for Windows (SPSS Inc., Chicago, IL, USA). The results were reported as the mean ± standard deviation. Differences among groups were Table 3 . Distribution of positive-stained cell number in groups
The results are expressed as the mean ± standard deviation *P<0.05 compared to control groups analyzed using the nonparametric Mann-Whitney Utest. P<0.05 was considered statistically significant.
Results
The colitis group of animals showed a significant body weight loss compared to the control group (P<0.05). Additionally, when the colon weight (8 cm) ratio was examined, the colitis group exhibited increased colonic weight compared to the control group (P<0.05, Figure 1f ).
Macroscopic and microscopic evaluations
Macroscopic examination of the colon in the colitis group was observed as normal (Figure 1a-b) . Some pathological findings such as mucosal ulcerations, edema and hemorrhage were observed in the colon tissue of the colitis group (Figure 1c-d) . Also, the colitis group had a significantly higher rate of macroscopic damage score compared to the control group (P<0.05, Figure 1e) .
In microscopic examination, H&E-stained colon tissue preparations were used. Colon tissue showed a normal histological structure in the control group (Figure 2a) . Mucosal erosions and ulcerations, disruption of intestinal glands, Goblet cell loss, intense infiltration of mucosa, and histopathological findings of submucosa were observed in colitis tissue (Figure 2b higher microscopic damage score when compared to the control group (P<0.05, Figure 2c ).
Immunohistochemical evaluations
Immunohistochemical evaluation of TNF-α expression in the control group was limited in the subepithelial region of mucosa (Figure 3a) . However, in the colitis group, TNF-α-positive cells were filled in the lamina propria of the mucosa (Figure 3b ). The colitis group had a significantly higher rate of TNF-α-positive cells compared to the control group (P<0.05, Figure 3c ). CD3, CD4, CD8 and CD45-positive stained T lymphocytes were mainly located in the lamina propria of the mucosa, between the crypts of Lieberkuhn; rarely, they were intraepithelial in the control group. However, a significantly higher T lymphocyte accumulation was observed in the colitis group as compared to the control group (P<0.05, Figure 4 ). under the lamina epithelialis and base of the crypt of Lieberkuhn in the control group. The number of CD11b positive cells in the colitis group was significantly higher than in the control group (P<0.05, Figure 6 ).
IL-17 and IL-22 positive stained cells were observed in the lamina propria in the control group, but in the colitis group, they were located in inflammation areas. Both IL-17 and IL-22 cytokines expression were significantly higher in the colitis group when compared to the control group (P<0.05, Figure 7 ). IL-23-positive stained cells were observed as intraepithelial in colonic mucosa in both groups. Increased IL-23-positive cells were detected in the 
Western blot evaluations
Colonic IL-17 and IL-22 protein expressions were quantified by Western blot. In the colitis group, significantly increased IL-17 and IL-22 expressions were observed in colonic tissue compared to the control group (P<0.05, Figure 8) . Also, IL-17 and IL-22 immunohistochemical findings were supported by the Western blot results.
Discussion
TNBS-induced colitis represents an experimental model that is able to attain characteristics resembling both acute and chronic human UC. Similar to the case in human UC, TNBS-induced colitis is associated with alterations in body weight and weight loss. Consistent with previous results, rats in the colitis group experienced a significant reduction in average weight as compared to controls (22, 25) .
Similar to previous reports, the macroscopic injury scores in the colitis group were higher (26) . In contrast, with the absence of macroscopic injury in the control group, the macroscopic injury scale score was 6.8 ± 1.5 in the colitis group, corresponding to a statistically significant difference.
While colon tissue samples in control rats had normal histological structure, many pathological findings, such as epithelial cell erosion, Goblet cell loss, ulceration and inflammation, were observed in the colitis group. Our microscopic findings are consistent with those reported by different researchers (27, 28) . The microscopic scores in the colitis group were 7.1 ± 0.8, and the difference in the controls was statistically significant.
It has been reported that oral anti-CD3 administration resulted in the cytokine response in T cell-induced colitis, and this approach may pave the way for novel UC therapies (29) . The intestinal mucosa in the colitis group exhibited a significant increase in mucosal CD3+ cells within the lamina propria and submucosal layer. In a study on TNBSinduced colitis model, CD3+ cells were labeled using the immunofluorescence method, and positive cell infiltration in all layers of the distal colonic tissue was more intense in the colitis group than in controls (30) . Similarly, findings have shown an increased colonic CD3+ cells in the TNBS-induced colitis model as compared to controls (22) . The same finding was also observed in our study with a statistically significant increase in the mucosal CD3+ cell count in the colitis group.
CD5 is a membrane glycoprotein expressed in T cells and in B1 lymphocytes, a subgroup of B lymphocytes, which synthesize IgM (31, 32) . Previous studies showed increased CD5 expression in experimental UC models (7, 22) . Anti-CD5 staining results in our study showed increased CD5 expression, similar to previous reports. In this regard, it may be assumed that therapeutic CD5 antagonists may be useful in reducing the severity of IBD (31) .
Recruitment of circulating leukocytes into the site of inflammation is dependent on the expression of various adhesion molecules and a serious of consecutive adhesion processes that occur as a result of an interaction between leukocytes and endothelial cells. Intercellular adhesion molecule (I-CAM) and vascular cell adhesion molecule (V-CAM), expressed on endothelium, are used as ligands by LFA-1 and Mac-1 (CD11b) expressed in leukocytes (33) . Our results showed a significant increase in CD11b expression in the colitis group as compared to controls. Other findings also showed that CD11b+ cells in control and UC subjects were closely located around the mucosal intestinal crypts, as shown by their immunohistochemical examinations performed in colonic biopsy samples (34) . Conversely, the results of a study on dextran sulphate sodium (DSS)-induced mice model of colitis showed a proportional decrease in CD11b+ cells in the lamina propria (35) . In that study, the number of CD11b+ cells was counted separately in mesenteric lymph nodes, lamina propria, intraepithelial lymphocytes and Peyer's patches. Except for the lamina propria, increased CD11b expression was reported in other tissues and sites (35) . CD8+ T cell subpopulation plays an important role in the immunogenicity of intracellular pathogens and tumors (36, 37) . The common characteristic of CD8+ T cells, which may have pathogenic or protective roles, is the production of IFN-γ and TNF-α, in addition to their cytotoxic functions. In IBD, they have been shown to play a pathogenic role (38, 39) . According to the results of the present study, colonic mucosa of the colitis group exhibited an increased number of CD8+ T lymphocytes as compared to controls. Ghavidel et al. (2013) , in their study examining the distribution of CD8+ T lymphocytes in the colonic biopsy samples of patients with IBD, found a significant reduction in the number of these cells in comparison with healthy individuals (40) . The results of a study on the serum inflammatory markers as well as CD4+ and CD8+ T lymphocyte counts in IBD patients and healthy subjects indicated higher peripheral blood CD8+ T lymphocyte counts in the former group of individuals (41) . Also, investigation on colonic CD3+, CD4+ and CD8+ cells in a rat model of sulfasalazine-induced colitis showed a higher CD8+ T recruitment in the colonic mucosa of rats with colitis (42) . In our study, the observation that a higher count of CD8+ T lymphocytes was found in the colonic mucosa is at odds with certain previous studies (40) , while it is consistent with others (22, 40) . CD45 (Protein Tyrosine Phosphatase, Receptor type C; PTCRC) is a transmembrane glycoprotein that is known as common leukocyte antigen. It is involved in many different functions, such as cell adhesion, migration, cytokine production and signal conduction (43) . Immunohistochemical CD45 expression was higher in the mucosa of our colitis group than in controls. Published literature also points to increased CD45 expression in colitis models. For instance, a significant increase of CD45+ cell infiltration has been reported in the mucosa (44) . Naive CD4+ T lymphocytes differentiate into at least four different major Th cells, i.e. Th1, Th2, Th17 and Treg, which play a major role in the regulation of immune response against a number of different microorganisms through cytokine-mediated signaling pathway and T cell receptor (TCR) activation (10) . Of these T cell subpopulations classified according to the cytokine production profile, Th1 cells are associated with highest IFN-gamma production, while Th2 predominantly produces cytokines such as IL-4, IL-5 and IL-13. The Th17 subpopulation is responsible for high levels of IL-17 expression, in addition to IL-21, IL-22 and TNF-α production (10, 45) . As compared to the control group, colonic mucosa of the colitis group had higher CD4+ T lymphocyte counts. Carvalho et al. (2007) , in a TNBS (at a dose of 20 mg/rat)-induced rat colitis model, identified CD4+ cells in the colonic tissue through immunohistochemical methods (46) . In that study, the CD4+ cell count in the colon mucosa of the colitis group was insignificantly higher than that of the control group, while the CD4+ count was significantly higher among colitis rats than among controls in our study. Other findings have also shown that the presence of elevated numbers of peripheral blood CD4+ T lymphocytes in IBD patients was more than in healthy individuals (41) .
Increased IL-21 and IL-22 expression was found in association with IL-17 in colon biopsy samples of UC patients, as compared to healthy subjects (11) . Moreover, using immunohistochemistry, it was found an increased IL-17 expression in a TNBSinduced model of colitis (47) . In the present study, the increase in the number of IL-17 positive cells was also shown using the same staining method in the colon mucosa of the colitis group. In experimental colitis models with IL-17R (IL-17 receptor) knockout mice, the absence of inflammation indicates the importance of IL-17R in inflammation occurring in UC. Additionally, studies testing the suppression of increased IL-17 expression in experimental animal models with different immunomodulator agents have been published. In this regard, the therapeutic effects of resveratrol have been shown on UC through the suppression of the production of mucosal IL-10, IL-6, and IL-17 cytokines in an experimental mice model of colitis (48) .
In our study, colonic IL-17 expression was tested not only with immunohistochemistry, but also with Western blot analysis. IL-17 expression was higher in the colitis group than in controls. Similarly, increased colonic IL-17 expression has been shown in an experimental TNBS-induced colitis model (49) . In genetic studies involving UC patients, polymerphisms in IL-17 and related genes are also supportive of the role of Th17 pathways in the development of UC (50) .
IL-22 is expressed in Th17 cells, as well as innate immune cells, and is a cytokine belonging to the family of IL-10 cytokines (51). Investigation on the colonic biopsy samples of patients with UC demonstrated a reduced mucosal Th22 cell counts in comparison with controls (52) . In addition, investigating the mucosal IL-22 and related proteins in patients with UC showed a higher mucosal IL-22 expression in chronic patients than in controls as documented immunohistochemically (53) . Our data also showed increased IL-22 in the colonic mucosa of the colitis group, both with immunohistochemistry and Western blot analysis.
The IL-23 is expressed in activated macrophages and dendritic cells (9) . IL-23 has been reported to be necessary for the growth and stabilization of Th17 cells (54) . Immunohistochemical results of our study showed that IL-23+ cells are mostly located in the intraepithelial segments of the colonic mucosa both in colitis and control groups. Based on the localization of IL-23+ cells and in consistent with previous reports, we may assume that these cells mostly consist of dendritic cells.
Our study is different from other studies in which the activation of innate-adaptive immune system cells involves with Th17-associated cytokines (IL-17, IL-22 and IL-23) in TNBS-induced rat colitis model. In the differentiation of the Th17 subpopulation, Transforming growth factor beta 1(TGF1-B) plays a special role (55) . We suggest that leukocytes, which are marked with different markers (CD3, CD5, CD8 and CD45) in the inflamed areas and increased in number, support the development of Th17 subpopulation by increasing TNF-α and TGF1-B expression.
Macrophage and dendritic cell-derived IL-23 is required for the development of UC and the persistence of the Th17 subpopulation. In the colitis group, the increase in the number of CD11b+ stained macrophages in the areas of ulceration accounts for the increase in Th17 subpopulation and related cytokines and the chronic progression of inflammation.
Conclusion
To the best of our knowledge, this study represents the first of its kind, since the activation of the newly identified T cell subpopulations Th17 and Th22 in a TNBS-induced experimental colitis model was compared with the activation of both innate immune cells as well as adaptive immune cells. Further studies utilizing different research methodology are required to shed further light on these associations.
